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Abstract
The idea of a strongly interacting sector as responsible for the electroweak sym-
metry breaking is tested through an eective lagrangian description, called the BESS
model, constructed on the standing point of custodial symmetry and gauge invari-
ance, without specing any dynamical scheme.
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1 Introduction
Although the standard model of electroweak interactions (hereafter denoted as SM) is
in perfect agreement with experimental data | at a precision level of below the 0.5%
| the mechanism of electroweak symmetry breaking (hereafter denoted as EWSB)
is still an open question and certainly the central issue and the main goal for future
accelerators.
In our opinion one possibility is a perturbative scheme with a light Higgs which
has still to be discovered. It needs a new symmetry like supersymmetry to be viable.
Otherwise, as shown by M. Consoli in this workshop [1], the strong evidence for
triviality of 
4
theories leads to a non perturbative scheme without self interacting







, v being the vacuum
expectation value of Higgs eld.
In what follows we will assume that the fundamental theory of electroweak in-
teractions is not precisely known, but that the possible symmetries are, i.e. gauge
invariance and custodial symmetry.
We are interested in performing a spontaneous symmetry breaking avoiding phys-
ical scalar particles, i.e. by a non linear realisation. We will rst explicitely show





non linear -model [2]. Since
this theory is non renormalisable it corresponds to an eective one. The use of eec-
tive Lagrangians dates from beggining of 60's with the introduction of the non linear
-model as an eective theory for low energy strong interactions, exhibiting a chiral
symmetry breakdown [3].
In what follows we will extensively use the fact that any non linear -model is
gauge equivalent to theories with additional hidden local symmetry [4]. This has
been shown in the context of pion interactions successfull to describe the  vector
resonances, which correspond to the gauge bosons associated to this additional hidden
symmetry. Applying this mechanism to weak interactions we will build vector and
axial vector resonances as gauge bosons associated to the hidden symmetry group of
SU(2) type. Under the assumption they are dynamical, we will get the SU(2) BESS
Lagrangian [5] (BESS standing for Breaking Electroweak Symmetry Strongly).
The existence of these new bosons called
 !
V will indirectly manifest at LEP
through deviations from SM expectations [6]. For this purpose a low energy eective
theory valid for heavy resonances will be derived.





V , although a direct coupling is possible. Deviations from SM trilinear and
quadrilinear gauge bosons couplings are expected.
In the vector dominance approximation the BESS model corresponds to techni-
color model [7] with a single technidoublet. In order to reproduce the one family











. This leads to the extended BESS model and to the
existence of pseudogoldstone bosons [9].
1
These models are already constrained from the precision electroweak data as we





to detect the new particle spectrum will also be reviewed.
2 Standard model revisited as a gauged non linear
-model






































































































is the covariant derivative.
Let us assume g = g
0























































































If one assume 
2




















































































where  is the Higgs eld.















































































































































where U is an unitary matrix.









































Going into unitary gauge U = 1 one gets the mass terms for gauge bosons.
3
3 Hidden gauge symmetry
The basic idea of hidden gauge symmetry is that any non linear  model dened on
coset space G=H is gauge equivalent to G 
 H local where H local is the hidden







and R(x) 2 SU(2)
R









































































































































































































































and  is an arbitrary parameter.
4







is an auxiliary eld.
In order to enable these gauge bosons to show up as physical particles we have to













This term can be generated for 2D and 3D theories [12] and from quantum corrections










and add kinetic terms for W and B elds (see eq. (1)). One







































































































 The rst term within brackets is the usual mass term appearing the SM.





































































where the last term corresponds to a direct coupling of the fermions to the elds V
and Q is the electric charge.








are obtained after diagonaliza-








We will now study the low energy eects of the model.
5
4 Low energy eects of vector resonances













































The last term in eq. (30) will be neglected since b is small.
The physical eect of V to low energy is present in the V kinetic term and the
interacting fermionic Lagrangian where one has to replace V

by expression (30).



























































































































and a mixing term Z
Z
to be cancelled.























































































































































The input parameters that are used for LEP Physics are:
| the electric charge e
ph
| the Fermi constant G
ph
F
| the mass of the Z boson M
ph
Z



































































we can connect sin 
W


























































































































 = 0 (47)
LEP 200 will directly test the non abelian gauge structure through the trilinear
and quadrilinear vertices among gauge bosons.











































































































































































































We are now ready to derive the bounds on the BESS parameter space coming from
precise LEP measurements and study the potential discovery at future colliders.
5 LEP constraints
The analysis of LEP data, concerning the total width, the hadronic width, the lep-
tonic width, the leptonic and b forward-backward asymmetries, the  -polarization,




, uses available full one loop





cut o  which corresponds to the Higgs mass in the Standard Model. The quantities
K; ; r
W
are directly connected to observable quantities. We will reexpress






















































This shows explicitely that through LEP data we are only sensitive to one combi-
nation of BESS parameters i.e. "
3












plane is shown in g. 1 for three top mass values.




= (3:4  1:8)10
 3
(52)
corresponds to La Thuile et Moriond data.
The two standard deviation from Standard Model expectation for b partial width




Assuming a non zero direct coupling only for the heaviest generation (as expected









After adding the SM expectation for m
t
= 170 GeV we get at 90% CL
  3:0 10
 2
 b   3:4 10
 3
: (54)
6 Discovery potential at future colliders
Provided the center of mass energy is higher than 2M
W
we are directly sensitive to
trilinear and quadrilinear gauge bosons couplings. LEP 200 energy is too small














which deviates from SM values due to V
0
exchange [20].







as shown in g. 2. Needless to remind that if a V
0
resonance exists below the center













Two subprocesses contribute: the quark antiquark annihilation and the W or
ZW fusion. The appropriate nal state is WZ followed by leptonic decays which is
not aected by the top background since it can be reduced from Z mass reconstruction
of lepton pair and use of isolation criteria for leptons [22].
The charged resonances show up as broad resonances around the V

mass in WZ




in the Z transverse
momentum spectrum.




=year, one can reach dis-








parameter space. Fig. 3 shows the favorable choice (g
00
= 20; b = 0:0 16)
forM
V
= 1:5 TeV whereas as can be inferred from g. 4 for g
00
= 20 and b = 2:0 10
 3
the signal exhibits no singular behaviour from background.
7 Extended BESS model
One important specialization of BESS model is to technicolor theories since for par-
ticular values of the parameters it would correspond to a technicolor model involving
a single technidoublet (N
d
= 1). If a non zero direct coupling of V to fermions exists












is the scale for extended technicolor.


















in order to in-
corporate the one family technicolor model (N
d
= 4). The model [9] will contain not
only vector resonances but also axial vector resonances and pseudogoldstone bosons.



































are the Goldstone bosons whereas the T
A




























where A = 1;    63; a = 1; 2; 3 is a SU(2) triplet index,  = 1;    8 corresponds to
SU(3)
C
octet indices, i = 1; 2; 3 to SU(3)
C






























































































+ b Tr(A+ B   2V )
2





+ kinetic terms (58)
The Amass is a new parameter and we will assume no direct coupling to fermions.
11
The pseudo-Goldstone mass spectrum has been derived [24] from the one loop ef-
fective potential, which includes, besides the ordinary gauge interactions, the Yukawa
couplings. The masses are proportional to the ultraviolet cut-o  and depending
on the heaviest fermions masses.
The restrictions from LEP precision measurements are obtained from the "
i
pa-




, which are isospin violating, are sensitive to the
pseudogoldstone mass spectrum. The eect on the parameter "
1
is to weaken the
upper bound on the top mass. The contribution to "
3
depends on the cut-o  and
on the masses of the pseudogoldstone, vector and axial vector bosons. Except for
small pseudogoldstone boson masses, it is negative.
Concerning hadronic colliders the discovery limit of charged resonances through
WZ nal state is lowered compared to SU(2) case as soon as decay into pseudogold-
stones bosons is allowed [25]. If these particles can be copiously produced at LHC













tb). These backgrounds have been studied for charged Higgs boson discovery
from tb decays at LHC using SDC detector. It has been shown that reasonably e-
cient and pure b tagging is mandatory. Our case deserves a careful study along the
previous procedure to be conclusive.





colliders is the resonant one through a V
0
, which is accompanied by an enhancement




tb, already considered for
charged Higgs production.
8 Conclusion
We have studied the possibility of a strong interacting sector being at the origin of
the electroweak symmetry breaking, avoiding elementary scalars. In absence of a
specic denite theory of the strong electroweak sector the BESS model provides for
a rather general frame based on custodial symmetry and gauge invariance.
A characteristic feature of the model is the occurence of spin one resonances in the
TeV range and pseudogoldstone bosons in its extended version. The idea of a strong
electroweak sector is quantitatively testable at LEP thanks to the recent precision





colliders are sensitive to the neutral vector resonance V
0
whereas
energetic hadronic colliders are well suited to discover the charged ones. The char-
acteristic feature of the extended BESS model is the existence of pseudogoldstone
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